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ABSTRACT 

E b e r l i n e  Ins t rument  Corpora t ion  was ass igned  under Cont rac t  

AT(26-1)-294 t o  f u r n i s h  r a d i o l o g i c a l  suppor t  f o r  t h e  cleanup of 

P r o j e c t  Ru l i son  s i te .  Work a t  t h e  s i t e  commenced on July 10, 1972 

and w a s  completed J u l y  25, 1972. Three E I C  employees p a r t i c i p a t e d .  

Labor f o r  t h e  cleanup w a s  f u r n i s h e d  by A u s t r a l  O i l  Company. 

The purpose of t h i s  o p e r a t i o n  was t o  remove from t h e  s i t e  

a l l  equipment and m a t e r i a l  no t  needed f o r  p o s s i b l e  f u t u r e  gas  pro- 

duc t ion .  Th i s  was accomplished, and t h e  r a d i o l o g i c a l  cond i t i on  

of t h e  s i t e  was documented. 

P a r t i c i p a n t s  r ece ived  no r a d i a t i o n  exposure due t o  performance 

of c leanup work a t  t h e  s i te .  



RULISON SITE CLEANUP REPORT 

I n t r o d u c t i o n  

E b e r l i n e  Ins t rument  Corpora t ion  provided r a d i o l o g i c a l  s a f e t y  and 

measurement suppor t  f o r  c leanup o p e r a t i o n s  a t  P r o j e c t  Rulison s i t e  near  

R i f l e ,  Colorado dur ing  t h e  per iod  J u l y  10 ,  1972 through J u l y  25, 1972. 

The i s o t o p e  of i n t e r e s t  i n  t h i s  c leanup was t r i t i u m .  No o t h e r  

r a d i o i s o t o p e s ,  except  n a t u r a l l y  occu r r ing ,  were de t ec t ed .  

A t o t a l  of 426 s o i l  samples were c o l l e c t e d  f o r  t r i t i u m  a n a l y s i s  

from 192 sampling po in t s .  Concent ra t ions  of tritium i n  s o i l  mo i s tu re  

ranged from no t  d e t e c t a b l e  t o  47,000 pCi/ml. Concent ra t ions  of t r i t i u m  

pe r  weight  of s o i l  ranged from no t  d e t e c t a b l e  t o  20,000 pCi/g. 

A t o t a l  of 11 v e g e t a t i o n  samples w e r e ' c o l l e c t e d .  An a l i q u o t  of 

m o i s t u r e  from each was analyzed f o r  unbound t r i t i u m .  Concent ra t ions  

ranged from 4.5 t o  170 pCi/ml (H20) and from 2.8 t o  150 pCi/g (wet sample).  

P a r t  of each sample w a s  d r i e d  and then  oxid ized  t o  o b t a i n  an  a l i q u o t  

con ta in ing  t r i t i u m  bound i n  t h e  sample. Concent ra t ions  of  t h i s  bound 

tritium ranged from less than  8.3 t o  190 p ~ i / m l  (water from ox ida t ion )  

and from less than  0.8 pCi/g t o  5.3 pCi/g (wet sample). 

No t r i t i u m  was d e t e c t e d  i n  samples of s i t e  s p r i n g  water  and s i t e  

a i r  mois ture .  T r i t i u m  a n a l y s i s  was by l i q u i d  s c i n t i l l a t i o n .  The term 

"not de tec tab le1 '  means l e s s  than  t h r e e  s t anda rd  d e v i a t i o n s  of backgr6und, 

o r  1 pCi/ml of t h e  sample. 

Two shipments of t r i t i u m  contaminated waste  were made t o  Nuclear 

Engineering Company f o r  d i s p o s a l .  The f i r s t  w a s  a 3000-gallon tanker  

t r u c k  con ta in ing  0.69 C i  of t r i t i u m  i n  l i q u i d s .  The second was 32 

packages of s o l i d s  and s i x  55-gallon steel drums of l i q u i d ,  an es t imated  
=---* - . 

73 m C i  of tritium. 



I n  a d d i t i o n  t o  t r i t i u m  i n  s i te s o i l  and vegeta t ion,  not  more than 

0.03 C i  of t r i t i u m  were l e f t  a t  t h e  s i t e .  This anount i s  contained i n  

s o l i d i f i e d  sludge l e f t  i n  t h e  bottom of t h r e e  water holding tanks. 

Items of equipment and m a t e r i a l  found t o  be  clean,  and those decon- 

taminated, were removed from t h e  s i t e  i f  no t  needed f o r  possible f u t u r e  

gas production. Cer ta in  i t e n s  such a s . t h e  vel lhead Christmas t r e e ,  

separa to r ,  and s to rage  tanks which a r e  i n t e r n a l l y  contaminated were 

l e f t  a l s o  f o r  f u t u r e  use,  a s  w a s  t h e  w e l l  logging equipment. The s torage  

tanks containing contaminated sludge were locked and posted with appro- 

p r i a t e  s igns .  The fenced s i t e  a r e a  was conspicuously posted with no 

- t respass ing s igns .  

Areas of higher tritium concentra t ions  i n  s o i l  r e s u l t e d  from 

known s p i l l s . r a t h e r  than from f l a r e  f a l l o u t  during production t e s t s .  

Concentrations i n  s o i l  recorded i n  pCi/g a r e  extremely v a r i a b l e  

due t o  high v a r i a b i l i t y  of percentage moisture i n  t h e  s o i l .  The re- 

corded concentra t ion i n  p ~ i / m l  of s o i l  moisture is  a much b e t t e r  measure- 

ment f o r  t r i t i u m  i n  s o i l  and i.s much more p rac t i cab le .  

Equipment 

A r a d i a t i o n  measurement trailer w a s  t ranspor ted  t o  the  s i t e .  

This t r a i l e r  contained a l i q u i d  s c i n t i l l a t i o n  system, a gamma spectrometry 

system, and a gross  alpha-beta counting system. It served f u r t h e r  a s  

an o f f i c e  and a s  a c e n t r a l  point  of operat ions.  

A sample prepara t ion a r e a  was juryrigged i n  t h e  Rulison re-entry 

wellhead shack. 

The fol lowing types of p o r t a b l e  survey i n s  truments were used : 

Eber l ine  E-400 wi th  HP-177 probe -- 
a low range beta-gamma de tec t ion  
instrument 



E b e r l i n e  PEW-4 w i t h  HP-210 probe -- 
a p u l s e  rate meter  w i t h  a probe  window 
of l e s s  t han  7 mg/cm2 

E b e r l i n e  PRM-5 w i t h  SPA-2 probe -- 
a p u l s e  r a t e  meter  w i t h . a  1" x 2" c r y s t a l  
d e t e c t o r  

A supply  of supplenentary  equipment and m a t e r i a l  such a s  g lassware ,  

t o o l s ,  p l a s t i c  c o n t a i n e r s ,  and an t i -contaminat ion  c l o t h i n g  was furn ished  

by EIC. 

Personnel  Monitor inq 

A l l  personnel  p a r t i c i p a t i n g  i n  t h e  c leanup wore thermoluminescent 

dos imeters  (TLD) throughout t h e  ope ra t ion .  Fourteen badges were 

i ssued .  These were r ead  i n  Santa  Fe subsequent  t o  t h e  cleanup. No ex- 

posure  was recorded.  A l l  dos imet ry  r eco rds  were submit ted f o r  s t o r a g e  

i n  t h e  AEC dosimetry system a t  t h e  Nevada T e s t  S i t e .  

Paper an t i -contaminat ion  c o v e r a l l s  were worn by personnel  wh i l e  

t r a n s f e r i n g  contaminated l i q u i d  among t h e  s t o r a g e  tanks  and from t h e  

t anks  t o  t h e  tanker  t ruck .  

Base l ine  u r i n e  samples were c o l l e c t e d  p r i o r  t o  i n i t i a t i o n  of work. 

Samples were c o l l e c t e d  a g a i n  upon complet ion of t h e  cleanup. These 

samples were analyzed f o r  tritium down t o  10  pCi/ml by l i q u i d  s c i n t i l l a t i o n  

a n a l y s i s  -- none was d e t e c t e d .  

Decontamination and Disposa l  of Equipment and M a t e r i a l  

Holding a r e a s  were e s t a b l i s h e d  t o  s e g r e g a t e  ' c l ean '  from con- 

taminated items of equipment and m a t e r i a l .  A r e l e a s e  log  was s t a r t e d  

t o  d e s c r i b e  each item and t o  record  i t s  r a d i o l o g i c a l  condi t ion .  Each 

i t e m  was surveyed wi th  a PRM-4 (HP-210 probe) and was swiped t o  check 

f o r  removable contaminat ion.  A l l  i tems r e l e a s e d  t o  u n r e s t r i c t e d  use  



had a survey reading of background and a 100 cm2 swipe count of l e s s  

than 1000 d i s i n t e g r a t i o n s  per  minute. 

The genera l  approach was t o  f i r s t  survey and swipe t h e  equipment 

. and m a t e r i a l  t h a t  had not  been i n  contact  with contaminated l i q u i d s  o r  

gases, f o r  example, t h e  Western Slope gas l i n e  and t h e  c lean water 

supply l i n e .  Af te r  ~ e r i f y i n g ~ t h a t  these  were not  contaminated, they 

were moved to  t h e  'c lean '  holding area.  

The next s t e p  was t o  disassemble p ipe  l i n e s  and equipment known 

t o  have been i n  contact  wi th  contaminates. Care was taken t o  d ra in  

and con ta in  a l l  l i q u i d s  obtained from t h i s  disassembly operat ion.  Items 

t h a t  could not be economically decontaminated because of f ixed lime o r  

r u s t  s c a l e  were surveyed and swiped f o r  documentation and were moved t o  

, t h e  holding a r e a  f o r  contaminated mater ia l .  Small p ipes  and s o l i d  waste 

were placed i n s i d e  l a r g e  pipes.  The ends of p ipes  serving a s  conta iners  

were closed with welded p l a t e s .  Outside su r faces  were surveyed and 

swiped to  v e r i f y  t h a t  these  su r faces  were not  contaminated. 

The o ld  p ipe  rack d r i p  pan was used a s  a decontamination pad. De- 

contamination was accomplished wi th  sa tu ra ted  steam and Steamzall,  a 

TURCO product.  The i n s i d e  a r e a s  of pipes were reached wi th  a long steam 

lance. Items t h a t  could be  economically decontaminated were moved i n t o  

t h e  p ipe  rack d r i p  pan, decontaminated, and then moved i n t o  t h e  wellhead 

d r i p  pan f o r  sunrey and swipe checking. When decontamination w a s  s a t i s -  

f a c t o r y  (background survey and l e s s  than 1000 dpm/100 em2 removable con- 

tamination) they w e r e  moved t o  t h e  'clean' holding area .  Water generated 

by t h e  decontamination procedure was contained i n  55-gallon s t e e l  drums. 

On J u l y  20, 1972 l i q u i d s  held i n  the  th ree  water s to rage  tanks and 

t h e  two hydrocarbon s t o r a g e  tanks w e r e  pumped i n t o  t h e  Nuclear Engineering 



company's tanker t ruck  f o r  shipment t o  t h e i r  b u r i a l  ground a t  Beatty, 

Nevada. The water tanks were pumped wi th  a vacuum type pump u n t i l  only 

two t o  t h r e e  inches of s ludge remained i n  the  bottom of each. This 

s ludge was s o l i d i f i e d  wi th  f i v e  bags of Bentonite per  tank. The hydro- 

carbon tanks were drained conple te ly  dry.  The ou t s ide  surfaces  of the  

tanks were not contaminated. They were closed and plugged, and l e f t  

i n  p lace  f o r  poss ib le  f u t u r e  use. The tanker t ruck shipment was 3000 

ga l lons ,  t o t a l i n g  0.69 C i  of t r i t ium.  

On July 22, 1972, 32 packages of s o l i d  contaminated waste and s i x  

- 55-gallon drums of l i q u i d  were loaded on Nuclear Engineering Companyfs 

f l a t b e d  t ruck f o r  shipment t o  t h e i r  b u r i a l  ground a t  Beatty,  Nevada. 

Each drum was contained i n  a Nuclear Engineering furnished DOT approved 

conta iner  known a s  a "Paper Tiger." The ou t s ide  su r faces  of a l l  con- 

t a i n e r s  were not  contaminated. This shipment contained an  estimated 

73 m C i  of t r i t ium.  

I n  a d d i t i o n  t o  the  t h r e e  water  tanks and two hydrocarbon tanks,  t h e  

wellhead Christmas tree, t h e  separa to r ,  t h e  wellhead-to-separator gas 

l i n e ,  t h e  wi re  l i n e  r i g ,  and t h e  dead weight pressure  measuring system 

were l e f t  on t h e  s i te ,  a l l  presumed t o  b e  contaminated i n t e r n a l l y  -- 
t h e  w i r e ,  of course,  ex te rna l ly .  

Equipment and m a t e r i a l  c leared f o r  u n r e s t r i c t e d  use and held i n  

t h e  ' c l eanf  holding a r e a  was removed from t h e  s i t e  t o  an Aust ra l  s t o r a g e  

yard i n  R i f l e ,  Colorado. Uncontaminated t r a s h  was buried on t h e  site. 

The d r i p  pans, emplacement w e l l .  shack, and re-entry wellhead shack, a l l  

uncontaminated, were l e f t  i n  p lace  f o r  poss ib le  f u r t h e r  use. Other 

miscellaneous shacks were to rn  down and removed pursuant t o  r e l e a s e  

procedures. 



S o i l  Samplinq 

The s o i l  sampling program was the  c r i t i c a l  pa th  i n  t h e  s i t e  

cleanup plan.  Therefore,  i t  was s t a r t e d  a s - e a r l y  a s  poss ib le  and 

was given s p e c i a l  emphasis throughout the  cleanup period. 

A square  g r i d  of s o i l  sampling po in t s  was l a i d  out  on ~ a g n e t i c  

c a r d i n a l  headings using t h e  s i . t e  ent rance  g a t e  pos t  a s  t h e  zero and 

primary re fe rence  point .  Ten- and 20-foot squares  were used depending 

on t h e  a r e a  use h i s t o r y  and on t h e  p r o b a b i l i t y  of s o i l  contamination. 

Fur ther ,  squares  were sometimes d i s t o r t e d  t o  sample po in t s  of s p e c i a l  

- i n t e r e s t  such a s  s t o r a g e  tank,  p ipe  l i n e  runs ,  t h e  separa to r ,  and 

d r i p  pan a reas  o r  t o  avoid obs t ruc t ions  such a s  cement pads. While 

t h e  f l a r e  s t a c k  was located  on t h e  square g r i d  system, t h e  a r e a  around 

i t  was sampled on a r a d i a l  g r i d  referenced t o  t h e  s tack .  This r a d i a l  

g r i d  was used he re  because contaminated f a l l o u t  o r ig ina ted  from the  

s t a c k  a s  a c e n t e r  and because a r a d i a l  g r i d  was used pos t - f la re ,  making 

a comparison more meaningful. A t o t a l  of 192 sampling po in t s  were 

located.  Most of these  were sampled a t  one- and 12-inch depths. Four- 

t een  p o i n t s  were sampled a t  one-, 12-, 24&, and 48-inch depths. Two 

po in t s  were sampled a t  m u l t i p l e  depths t o  96 and 132 inches r e spec t ive ly .  

A few were sampled a t  s e l e c t e d  depths f o r  va r ious  reasons. A t o t a l  

of 426 s o i l  samples were c o l l e c t e d  f o r  t r i t i u m  ana lys i s .  

Each sample was weighed wet, a s  c o l l e c t e d ,  and was then d r i ed  

, i n  an  e l e c t r i c  oven f o r  15  hours a t  180 degrees centigrade.  Af te r  drying 

t h e  sample was aga in  weighed. Wet and dry  weights were recorded f o r  each 

sample and t h e  percentage of moisture was ca lcu la ted .  Where poss ib le ,  

a 5 m l  a l i q u o t  of s o i l  moisture was d i s t i l l e d  from each sample. The 

a l i q u o t s  were analyzed by l i q u i d  s c i n t i l l a t i o n  f o r  t r i t i u m  concentra t ion  



i n  pCi/ml. From t h i s  t h e  concen t r a t ion  i n  pCi/g was c a l c u l a t e d .  Resu l t s  

of t h e s e  ana lyses  a r e  shown i n  Table I and on t h e  a t t ached  drawings, No. 

l A & B .  

Upon complet ion of t h e  last  product ion  t e s t  on A p r i l  23, 1971 s o i l  

on a r c s  around t h e  f l a r e  s t a c k  was sampled and analyzed For t r i t i u m .  

The r e s u l t s  of t h i s  sampling program a r e  provided i n  Table 2 and on 

drawings 2 A & B t o  augment t h e  samples taken  on r a d i a l  coord ina tes  

dur ing  t h e  cleanup o p e r a t i o n  and t o  permi t  comparison where t h e  same 

l o c a t i o n s  were sampled. 

E igh t  randomly loca t ed  s o i l  samples were c o l l e c t e d  f o r  pu l se  he igh t  

a n a l y s i s  by gamma spec t rometry .  No r a d i o i s o t o p e s  o t h e r  than  n a t u r a l l y  

occu r r ing  were de t ec t ed .  

Vegeta t ion  Samples 

A v e g e t a t i o n  sample was taken  a t  each c a r d i n a l  p o i n t  on a 500-foot 

and a 1000-foot a r c  around t h e  f l a r e  s t a c k .  Addi t iona l  v e g e t a t i o n  

samples were c o l l e c t e d  a t  s i t . e  g r i d  p o i n t  N-14, W-2 and s t a c k  g r i d  

p o i n t s  030°, 5' and 120°, 40'. These samples were c o l l e c t e d  because 

of  t h e  l e a k  from a water s t o r a g e  tank ,  t h e  c l o s e  proximity t o  t h e  f l a r e  

s t a c k ,  and t h e  a r e a  of h i g h e s t  concen t r a t ion  ind ica t ed  by t h e  p o s t - f l a r e  

sampling r e s p e c t i v e l y .  

Vege ta t ion  samp1.e~ were analyzed i n  Albuquerque a f t e r  t h e  cleanup 

ope ra t ion .  Each sample was weighed w e t  and dry.  An a l i q u o t  of mo i s tu re  

was d i s t i l l e d  from t h e  sample. An a l i q u o t  of d ry  sample was oxid ized  

and condensed t o  o b t a i n  t h e  bound tritium. The r e s u l t s  of t h e s e  ana lyses  

a r e  shown i n  Table  3.  



site A i r  Sampling; 

F i l t e r e d  a i r  samples were taken  f o r  th-ree days,  a d ry  i c e  f r e e z e  

t r a p  was r u n  f o r  two days -- samples were c o l l e c t e d  d a i l y  from both. 

The sampling p o i n t  was on t h e  d r i l l b a c k  pad approximately 95 f e e t  from 

t h e  wellhead on a bea r ing  of 005 degrees.  I n  a d d i t i o n ,  a f reeze-out  

sample was c o l l e c t e d  from t h e  steam used i n  decontaminat ion.  No radio-  

a c t i v i t y  w a s  d e t e c t e d  i n  t h e  f i l t e r e d  a i r  samples and no t r i t i u m  was 

d e t e c t e d  i n  t h e  freeze-out a i r  moi s tu re  samples.  

S i t e  Water Samples 

P r i o r  t o  completion of  t h e  cleanup w a t e r  samples were taken from 

each of  two l o c a l  s p r i n g s  a t  t h e  si te.  One was l o c a t e d  j u s t  o f f  of 

t h e  Southeas t  co rne r  of t h e  d r i l l b a c k  pad, t h e  o t h e r  was on t h e  upper 

s i d e  of the road  about  300 y a r d s  down h f l l  from t h e  pad. Both samples 

were analyzed by l i q u i d  sc in t :L l l a t i on .  No t r i t i u m  was de t ec t ed .  

Sludge Sample 

A sample of t h e  s ludge  l e f t  i n  t h e  bottom of t h e  t h r e e  water  

ho ld ing  t anks  was taken  b e f o r e  t h e  s o l i d i f y i n g  agent  (Bentoni te )  was 

added. T h i s  sample was analyzed f o r  t r i t i u m  i n  Albuquerque a f t e r  t h e  

cleanup. S i n c e  t h e  sample was i n  hydrocarbon form, i t  was oxid ized  

and i t s  condensed water vapor  w a s  analyzed by l i q u i d  s c i n t i l l a t i o n .  

The t r i t i u m  c o n c e n t r a t i o n  w a s  15,000 ~ ~ i / g  of  s ludge.  T o t a l  volume 

l e f t  on - s i t e  i n  t h e  tanks  was no t  more than  441 ga l lons .  Assuming 

a d e n s i t y  of 1 .2,  t h e  t o t a l  amount of t r i t i u m  i n  s o l i d i f i e d  s ludge  

t h a t  remains s t o r e d  a t  t h e  s i te  i s  n o t  more than  0.03 C i .  



Conclusions 

I n  genera l ,  a reas  of higher t r i t i u m  concentrat ions r e s u l t e d  from 

known s p i l l s  -- not from t h e  f l a r e  f a l l o u t .  For example, t h e  number 

3 tank valve  which f r o z e  and broke may have leaked slowly and seeped 

i n t o  t h e  ground f o r  perhaps severa l  weeks. The depth t o  which tri- 

tium was observed (11 f e e t )  i n d i c a t e  t h e  source was a v a i l a b l e  f o r  a 

f a i r l y  long period of time. 

The pCi/g readings a r e  extremely v a r i a b l e  due t o  the 'high va r i -  

a b i l i t y  of percentage moisture i n  t h e  s o i l .  The percentage of moisture 

va r ied  with the  type s o i l  - c lay ,  s h a l e ,  gravel ,  humus, e t c .  The 

p ~ i / m l  value f o r  moisture was much more s t a b l e  and p red ic tab le ,  and 

the re fo re ,  i s  the  b e t t e r  measurement f o r  tritium i n  s o i l .  

Recommendations 

To minimize tritium contamination of s o i l  during f u t u r e  gas stimu- 

l a t i o n  events,  contaminated water  handling equipment should be de- 

s igned s p e c i f i c a l l y  f o r  h igh- in tegr i ty  water containment. 

Future s o i l  contamination guidel ines  should be  based on tritium 

concentra t ion pe r  volume of s o i l  moisture r a t h e r  than on concentrat ion 

per  weight of s o i l .  



TABLE I 
Tri t ium in Ruli.son Soil Moisture 

( 1) 
Grid Coordinate Sampling Depth (in. ) 

(4 1 
p C i / m  I" 

(1) Cardinal  coordinates referenced t o  entrance gate post- scale: 
1 unit equals 10 feet. Radial coordinates a r e  in degrees and 
feet  referenced to  f l a r e  stack. 

( 2 )  Concentrations a r e  rounded t o  two significant f igures 

(3 )  Idem 

( 4 )  Sampling depth increments are l", i.e., 1" is from 0 to I", 12" 

i s  from 11" to 12", e t c .  
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G r i d  C o o r d i n a t e  Sampling Depth (in . ) . pCi /g  ( so i l )  

................. N.9. E - 2  ............ 1 
N-9. 33-2 . . . . . . . . . . . .  12  ................. 
N-10.  E - . 7  ............ 1 ......... , . ....... 

............ ................. N-10.  E - . 7  1 2  
N-10 .  E - 2  ............ - 1  ................. 

................. N-10.  E - 2  ............ 1 2  

................. N-11.  E - 2  ............ 1 

................. N-11 .  E-2 ............ 12  
............ ................. N - 1 1 . 2 .  E. .2  1 
............ ................. N.11.2. E . . 2  12 
............ N - 1 1 . 4 .  E - 0  6 ., ................ 

6 - 1 1 . 8 .  E-o ............ 2 4  ., ................ 
............ ................. N.11.8. E-O 60 

N . l l . 9 .  E - 2 . 8  ............ 1  .................. 
............ .................. N-11 .9 .  E-2.8 1 2  

N . l l . 9 .  E .3 .3  ............ 1 .................. 
N - 1 1 . 9 .  E .3 .3  . . . . . . . . . . . .  1 2  . .  ................ 
N-12.  E - . 7  ............ 1 ................. 

............ N - 1 2 .  E . . 7  12 ................. 
................. N-12.  E-2 ............ 1 

N-12.  E-Z ............ 12 ........-........ 
N - 1 2 . 5 .  E - 0  ............ 1 ................. 
N-12 .5 .  E-0 . . . . . . . . . . . .  1 2  ................. 

............ N.12.7. E - 0  6 ................. 
N - 1 2 . 7 .  E - 2 . 8  . . . . . . . . . .a .  1 ................. 

............ ................. N - 1 2 . 7 .  E - 2 . 8  12 
................. N-12 .7 .  E.3.3 ............ 1 

............ ................. N-12 .7 .  E .3 .3  1 2  
N-13.  E - 0  ............ 12  ................. 
N-13.  E-0 ............ 60 .............'.... 

. N-13.  E- 7  ............ 1 ................. 
N-13 .  E-. 7  ............ 1 2  ................. 
N-13 .  E-2 ............ 1 ................. 
N-1.3. E-2 ............ 12  ............:.... 
N.13. W - 3  ............ 1 ................. 
N-13 .  W - 3  ............ 12 ................. 
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Grid Coordinate Sampling Depth (in . ) pCi/ml pCi /g  (soi l )  

s . . . . . . . . . . .  1 e . . . . . . . . . . . . . . .  10. 000. . . . . *1400 
12 20.000;**  5600 ............ ................ ... 
2 4  21.000.... 5800 ............ ................ .. 

............ 1 ................ 2700 ...... 150 
12 5100 * . 1 6 0 0  ............ ................ . . a .  

2 4  4700 * . 1 4 0 0  ............ ................ . . . a  

............ 1 ................ 4700 . . . . m e  1400 

............ 12 ................ 3300 .'*.... 1800 
...... 1 . . . . . . . a * . . . . . . .  22 ............ 0.3 

............ 12 ................ 3.3 ...... 0.7 

............ 1 ................ 8600 . . a * . .  1500 

............ 12 ................ 29.000.... .. 6500 

............ 24 . . . * * . . . . . . . * * * .  35 .000 . * *  . . * 1 1 .  000 

............ 36 ................ 3 4 . 0 0 0 . * . * * * 1 9 .  000 

............ 48 ................ 2 7 J 0 0 0 . . * * * * 7 3 0 0  

............ 60 ................ 26. 000 ...... 14. 000 

............ 72 ................ 18.000 ...... 9600 

............ 96 ................ 8000 .... * . 4500  
...... ............ 108 - ............... 9700 2300 

............ 120 ................ 5600 . . . a .  .1400 

............ 132 ................ 3300 - . - . . g 6 0 0  

............ 1 . . . . . . . . . . . . . . a .  110 ...... 49 
12 5 1  ...... 7.7 ............ ................ 

...... 1 ................ 16 ............ 7.3 
............ 12 ................ 4.4  ...... 2 . 1  
............ 6 ................ 3100 . . a .  . .1700 
............ 1 ................ 650 ...... 290 
............ 12 ................ '140 0 ...... 670 
............ 1 ................ 300 ...... 140 

12 11 ...... 6.0 ............ ................ 
............ 1 ................ 420 ...... 22 
............ 12 ................ 130 ...... 16 

...... 1 270 120 ............ ................ 

...... 12 260 140 ............ ................ 

...... I 26 1 1  ............ ................ 
............ 12 ................ 5.3 ...... 2.6 
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Grid Coordinate Sampling Depth (in . ) . pCi/ml pCi/g (soil) 

(1) Cardinal coordinates referenced to entrance gate post . scale: 
1 unit equals 10 feet . Radial coordinates a r e  in degrees and 
feet referenced to f lare  stack . 
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Grid Coordinate Sampling Depth (in . ) p C i / m l  pCi /g  (soi l )  
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Grid Coordinate Sampling Depth (in. ) pCi /ml  pCi/g (soil) 



T A B L E  I 
' T r i t i u m i n R u l i s o n ~ o i l M o i s t u r e  

P a g e  8 

Gr id  Coord ina te  Sampling Depth (in. ) p C i / m l  pCi/g (soi l )  

........ S-7,  E-8  ............ 1 ................. 770 13  

...... . S-7,  E - 8  ............ 12 ................. ND : ND 

................. ........ S-7,  E-10 ............ 1 91 2 . 3  
........ S-7,  E-10 ............ 12 ................. ND ND 

................. ............ S-7,  E-12  1 6 . 7 . .  ...... 0. 17 
........ S-7 ,  E-12 ............ 12 ................. ND ND 

S-7.5, W-2.7  1 ................. ............ ' 43 ........ 0.37 
- ............ ................. . ..... S-7 .5 ,  W-2.7 12 ND :. ND 

........ ................. S-8 ,  W-1.5 ............ 1 ND ND 

........ S-8,  W-1 .5  ............ 12 ................. ND ND 

........ ................. S-9,  E-0  ............ 1 ND ND 

........ S-9,  E - 0  ............ 12 ................. ND ND 

........ ................. S-9,  E-2  ............ 1 10 0 41 

........ S-9,  E-2  ............ 12 ................. ND ND 

........ ................. S-9,  E - 4  . ............ 1 ND ND 

........ S-9 ,  E - 4  ............ 12 ................. la3 ND 

........ S-9 ,  E-6  ............ 1 ................. ND ND 

........ S-9,  E -6  ............ 12 ................. ND ND 

........ ................. S-9 ,  E - 8  ............ 1 ND ND 

................. ........ . S-9,  E-8 ............ 12: ND ND 

........ S-9 ,  E-10 ........... 1. ................. 130 4 .5  

........ S-9 ,  E-10 . . . . . . . . . . . . I 2  ................. ND ND 

...... S-9,  E-12 ............ 1 ................. 1 1 0 . .  2 . 1  

........ S-9,  E-12 ............ 12 ................. ND ND 

S-9 .4 ,  W-3.4  ............ I ................. 39OQ ....... . 32 

........ S-9 .4 ,  W-3 .4  ............ 12 ..,.............. 230 25 

................. ............ ........ S-10, W-1.5  :I DID ND 

........ ............ S-10, W-1.5 1% ................. ND ND 

.......... ........ S-10 .3 ,  E - 1 0 . 1 . .  1 ................. ND ND 

........ .......... S-10.3 ,  E-10. 1 . .  12 ................. ND ND 

........ ................. .......... S-10.3 ,  E-10. 1 . .  24 ND ND 

........ ................. .......... S-10 .3 ,  E-10. 1 . .  4 8  ND ND 
....... S-11,  E-0 ............ 1 ................. 610.  11 

........ S-11,  E-0 ............ 12 ................. ND ND 

........ S-11,  E-2 ............ 1 ................. ND ND 

........ S-11, E -2  ............ 12 ................. ND ND 

........ ................. S-11, E - 4  ............ 1 62 0 .98 

........ S-11,  E - 4  ............ 12 ................. ND ND 
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Grid  Coordinate  Sampling Depth (in. ) p C i / m l  pC i /g  (soi l )  

S-13, E-12  ............ 1.. ................ ND ....... ND 
S-13,  E-12 ............ 12 ................... ND ....... ND 
S-13,  E -14  ............ I . . .  ............... ND ....... ND 
S-13,  E -14  ............ 12 .................. ND ....... ND 
S-13.1 ,  E -7 .3  ............ 1 .................. ND ....... ND 
S-13.1 ,  E-7. 3 ............ 1 2 . .  ................ *ND ....... ND 
S-13. 1, E - 7 . 3  ............ 2 4 . .  ................ ND ....... ND 
S-13. 1,  E - 7 . 3  ............ 4 8 . .  ................ ND ....... ND 
S-13.1 ,  W - 4 . 8 . .  .......... 1 .  ................. 690 ....... 290 
S-13 .1 ,  W-4 .8  ............ 12 .................. ND *...... ND 

5 - 1 3 . 2 ,  E-4.  5 ............ 1 . .  ................ ND ....... ND 
S-13.2 ,  E -4 .5  ............ 1 2 . .  ................ ND ....... ND 
S-13 .5 ,  E -2 .8  ............ 1 . .  ................ ND ....... ND 
S-13.5 ,  E -2 .8  ............ 1 2 . .  ................ ND ....... ND 
S-13.9 ,  E -5 .2  ............ 1 . .  ................ ND ....... ND 
S-13.9 ,  E - 5 . 2  ............ 12 .................. ND ....... ND 
S-14,  E- .  8 ............ 1 .................. ND ....... ND 
S-14,  E-. 8 ............ 12 .................. ND ....... ND 
S-14,  W-3 .4  ............ 1.. ................ 120 ....... 1. 1 
S-14,  W-3 .4  ............ 1 2 . .  ................ 45 ....... 8 .5  
S-14.2 ,  E - 3 . 4  ............ 1 . .  ................ ND ....... ND 
S-14.2 ,  E - 3 . 4  ............ 1 2 . .  ................ 12 ....... 1 .6  
S-14.2 ,  E - 3 . 4  ............ 2 4 . .  ................ ND ....... ND 
S-14 .2 ,  E - 3 . 4  ............ 4 8 . .  ................ ND ....... ND 
S-14.6 ,  E - 5 . 9  ............ 1 . .  ................ 20 ....... 0 . 1  
S-14 .6 ,  E - 5 . 9  ............ 12 .................. ND ....... ND 
S-14.6B E - 5 . 9  ............ 2 4 . .  ................ ND ....... ND 
S-14.6 ,  E - 5 . 9  ............ 4 8 .  ................. ND ....... ND 
S-14-71 E -1 .6  ............ 1. ................. ND ....... ND 
S-14. 7 1  E-1 .6  ............ 1 2 . .  ................ ND ....... ND 
S-15,  E-12  ............ I . . . . . . . . . . . . . . . . . .  26 ....... 0.03 
S-15,  E-12 ............ 12 .................. ND ....... ND 
S-15,  E -14  ............ I . . . .  .............. ND ....... ND 
S-1'5, E -14  ............ 12 .................. ND ....... ND 

....... S-15, W-1.8  ............ 1 .................. 76 1 . 4  

....... S-15,  W-1.8  ............ 12 .................. 1400 2 10 
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Grid Coordinate Sampling :Depth (in. ) pCi /ml  pCi/g (soil)  

S-15.4, E -2 .2  ............ 1 .................. ND ....... 
S-15.4, E - 2 . 2  ............ 12. .  ................ ND ....... 

.... S-15.4, E -5  ............ l . . . . . . . . . . . . . .  55 ....... 
S-15.4, E - 5  ............ 12 .................. ND ....... 
S-15.4, E - 5  ............ 24 .................. ND ....... 
S-15.4,  E - 5  ............ 48 .................. ND ....... 
S-15.4,  E-6.6 ............ I . . .  ............... 480 ....... 
S-15-48 E-6 .6  ............ 1 2 . .  ................ ND ....... 
S-15.4, E - 8  ............ 1 .................. ND ....... 
S-15.4, E - 8  ............ 12 . .  ................ 12 ....... 

-S-16, E -0  ............ I . . . . . . . . . . . . . . . . . .  ND ........ 
S-16, E-0  ............ 12 .................. ND ....... 
S-16.1, E -3  ............ 1 . .  ................ 520 ....... 
S-16.1, E - 3  ............ 12 .................. ND ....... 
S-16.2,  E - 4  ............ 1 .................. 48 ....... 
S-16.2,  E - 4  ............ 12 . .  ................ ND ....... 
S-16.2, E - 4  ............ 24 .................. ND ....... 
S-16.2,  E - 4  ............ 4 8 . .  ................ ND ....... 
S-16.6, E-6 .6  ............ 1 . .  ................ 8.5  ....... 
S-16.6,  E-6.6 ............ 12 . .  ................ 5.3 ....... 
S-16.6,  E - 6 . 6  ............ 24 . .  ................ 8 . 9  ....... 
S-16.6,  E -6 .6  ............ dB... ............... ND ....... 
S-16.6,  E - 8  ............ 1 . .  ...........,.... 5-  9 ....... 
S-16-69 E - 8  ............ 12 . .  ....... .:. ...... 5.7 ....... 
S-17, E-10 ............ I . . . . . . . . . . . . . . . . . .  ND ....... 
S-17, E-10 ............ 12 .................. ND ....... 
S-17, E-12 ............ I . . . . . . . . . . . . . . . . . .  ND ....... 
S-17, E-12 ............ 12 .................. 46 ....... 
S-17, E-14  ............ 1 . .  ................ 190 ....... 
S-17, E-14  ............ 12 .................. ND ....... 

............ ....... S-17.1,  E -1 .8  I . . . . . . . . . . . . . . . . . .  89 
S-17.1,  E - 1 . 8  ............ 12 .................. ND ....... 
S-18, E-6.5 ............ 1 .................. 11 ....... 
5-18, E-6 .5  ............ 12 .................. 14 ....... 
S-18.2, E - 3 . 5  ............ 1 . .  ................ 270 ....... 
S-18.2, E-3. 5 ............ 12 . .  ................ ND ....... 
S-19, E - 8  ............ l . . . . . . . . . . . . . . . . . .  11 ....... 
S-19, E - 8  ............ 12. .  ................ ND ....... 
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Grid Coordinate  Sampling Depth (in. ) pCi/g ( so i l ) .  



TABLE 2 
Tr i t ium in Rulison Soil LMoisture 

Post-Product ion T e s t  . . Apri l  23. 197 1 

Grid Coordinate (1) Sampling Depth (in . ) (4 )  Cilrnl  p c i / ~  (soili3) (2) 

(1) Radial coordinates a r e  in degrees  and feet  referenced t o  f la re  s tack 

(2) Concentrations a r e  rounded to  two significant f igures  

(3) Idem 

( 4 )  Sampling depth increments. when not  otherwise indicated. a re  1". i .e . ,  
1'' i s  from 0 t o  1". 6" is  from 5" t o  6". e t c  . 
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Gr id  Coordinate  Sampling Depth (in . ) p C i / m l  pCi /g  (soil)  
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Grid Coordinate Sampling Depth (in . ) pCi /ml  pCi/g (soil)  
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Grid Coordinate Sampling Depth (in . ) pCi/ml pCi/g (soil)  



TABLE 3 
T r i t i u m  in Vegetation 

Sampling point 
( r e f e r enced  t o  
f l a r e  s tack)  

Dry /Wet  
r a t i o  

Unbound 

(wate r  f r o m  
oxidation) 

Tota l  

pCi /g  (wet) 

, 

*West of tank # 3 ,  re fe renced  to  en t r ance  gate  post  

(1) Unbound i s  t r i t i u m  i n  water t ha t  was removable by drying the  sample i n  an e l e c t r i c  oven for  16 hours. 

(2) Bound i s  t r i t ium cbnverted t o  water form by oxidizing the dried sample. 
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